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MICROEARTHQUAKE DISTRIBUTION AND MECHANISMS OF FAULT ING 
IN THE FONTANA-SAN BERNARDINO AREA OF SOUTHERN CAL IFORNIA 
BY DAVID HADLEY* AND JIM COMBS~ 
ABSTRACT 
The major, historically active San Jacinto and San Andreas fault systems pass 
through the San Bernardino Valley area of southern California. An array of six 
portable, high-gain seismographs was operated for five 2-week recording sessions 
during the summer of 1972 and winter and spring of 1973 in order to detail the 
microseismicity of the region. A crustal model for the Valley, modified after 
Gutenberg, was established using a 6-km reversed seismic refraction profile and a 
series of monitored quarry blasts. Fifty-five microearthquakes were used to 
establish a magnitude scale (1.5 to 3.3) based on coda lengths recorded by 
instruments peaked at 20 Hz. Forty-five hypocenters from the analysis of over 
6,000 hr of low-noise records define two northeast rending lineations within the 
western portion of the Valley. A composite first-motion plot of 22 microearthquakes 
from these lineations indicates left-lateral strike-slip faulting. Fluctuations in 
microseismicity appear to reflect rapid changes in the stress patterns of southern 
California. Minor activity along the strike of the San Jacinto fault zone suggests 
a purely right-lateral strike-slip motion. Only minimal strain release was observed 
along the San Andreas fault zone. 
INTRODUCTION 
The San Bernardino Valley area is one of the major inland alluvial basins in southern 
California. Common usage of the term "the San Bernardino Valley" implies only that 
portion of the upper Santa Ana Basin east of the San Jacinto fault. In this study the 
term "San Bernardino Valley area", sometimes referred to as the "Valley", has been 
expanded to include all of the stippled area shown in Figure 1. 
The San Andreas and the San Jacinto faults have been the focal points of destructive 
earthquakes in southern California within historical times (Richter, 1958; Allen, et al., 
1965). Both faults crosscut he San Bernardino Valley. Inasmuch as the area has received 
little detailed seismic investigation, an array of six portable seismographs was operated in 
and around the San Bernardino Valley during the summer of 1972 and winter and spring 
of 1973. Initially, a large array was established to delineate the seismically active areas; 
but, a tighter net was utilized in the final recording period to define more accurately the 
zones of faulting and the sense of motion. Over 6,000 hr of low-noise records were 
accumulated and analyzed. 
STRUCTURE AND GENERAL GEOLOGY 
The structure and geological relationship in the San Bernardino Valley are severely 
complicated by large-scale regional tectonics. Four distinct blocks of the Ealth's crust 
can be identified within the Valley, each in relative motion with respect o the others. 
The Perris block is bound on the east and north by the San Jacinto and the Cucamonga 
fault zones, respectively (Dudley, 1936; see Figure 2). Outlined by the San Jacinto and 
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the San Andreas faults, a wedge of the San Jacinto block forms the eastern portion of the 
Valley. The San Gabriel and the San Bernardino Mountains form the eastern portion 
of the Transverse Ranges (Allen, et al., 1965). The San Gabriel block, rising sharply 
from the northwest side of the San Bernardino Valley, is marked by irregular, broken 
terrain that locally reaches elevations of 3 km (Dutcher and Garrett, 1963). The San 
Bernardino Mountains, forming the northern edge of the basin, are characterized by a 
very regular crest. The general topographic uniformity of this block as compared to the 
dissected San Gabriel block suggests a relatively recent uplift. The northern branch of 
the San Andreas fault splays from the main fracture system and transects the southern 
portion of the San Bernardino Mountains (Dibblee, 1968). Allen (1957) has reported 
both horizontal and vertical slickensides within this fault zone but attributes the greater 
average northern elevation to the. fault. The currently inactive ast-west trending Banning 
fault (Dibblee, 1968) is located southeast of the San Bernardino Valley, and its western 
extent is covered by undisturbed Pleistocene alluvial sediments. Both Allen (1957) and 
Sharp (1967) have suggested that the Cucamonga fault is the western extension of 
the Banning fault, displaced 25 km north by the San Jacinto fault. The Loma Linda 
fault (Figure 2) parallels the San Jacinto fault zone. Dutcher and Garrett (1963) report 
there is no evidence of recent movement upon the Loma Linda fault within the basin, as 
displaced units are buried 30 meters beneath apparently undisturbed sediments. Water- 
well logs indicate faulting extended into the Valley. Because the Glen Helen fault lies 
on strike, Dutcher and Garrett (1963) suggested these two faults are possibly continuous 
beneath the recent accumulation f sediments. 
The San Jacinto fault forms a major structural feature throughout southern California 
and is the most active, both in terms of major historical earthquakes and on-going 
microearthquake activity (Arabasz, et al., 1970; Cheatum and Combs, 1973). Within 
the San Bernardino Valley there appears to be little, if any, vertical offset associated 
with the fault. Unlike the Loma Linda fault zone, surface sediments along the San 
Jacinto fault have been disrupted suggesting recent movement. 
The east-trending Cucamonga f ult is truncated by the San Jacinto fault zone. Dutcher 
and Garrett (1963) report minor thrusting on a plane dipping 40 ° north along a portion 
of the Cucamonga f ult. A water barrier 4 km to the south trends approximately north- 
easterly (Dutcher and Garrett, 1963) and will be termed for convenience the Fontana 
Water Barrier (see Figure 2). 
Several minor bedrock hills surround the Valley. Small knolls in the northern portion 
of the Valley are possibly associated with faulting in the basement complex. The more 
southern Jurupa and Box Springs Mountains (Figure 2) represent the northern out- 
cropping of the southern California batholith (Dudley, 1936). 
PREVIOUS INVESTIGATIONS 
One station in the microearthquake survey (0 < M < 3) of southern California 
conducted by Brune and Allen (1967) was located within the San Bernardino Valley. 
Over 1,000 hr of useful records from their Devil Canyon station indicate an average of 
six microearthquakes per day within a radius of 24 kin. A station operated in Devil 
Canyon during the present study indicates asimilar number of events per day. As part of 
their 1967 study, Brune and Allen operated a five-station array for 4 months slightly 
north of Lytle Creek. Five of 23 events they located were within the Fontana rea of the 
San Bernardino Valley. 
Earthquakes monitored by the California Institute of Technology provide data on 
the tectonic activity within the Valley. The northwestern cluster of events een in Figure 
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3 are aftershocks from the magnitude 5.4 Lytle Creek earthquake of 1970. During the 
9-year period illustrated, an average of only one earthquake per year, with M < 3.5, was 
associated with the San Andreas fault within the Valley. As in Brune and Allen's (1967) 
study, shallow hypocenters are found within the Fontana area. Based on historical data, 
Allen (1968) suggeststhat the San Bernardino Valley area has been characterized by 
small to moderate arthquakes but devoid of truly great earthquakes such as the magni- 
tude 8.3 San Francisco earthquake of April 18, 1906. The largest event in historical 
times within the Valley was a magnitude 6.2 earthquake of 1923 located approximately 
near the Box Springs Mountains (Richter, 1958). 
INSTRUMENTATION 
Six portable Kinemetrics PS-1 recording units, described in detail by Prothero and 
Brune (1971), were used for this study. Several different filters provided with the seismo- 
graphs can be used to shape the system response (see Figure 4). Filter 1, peaked at 1 Hz, 
produced easily discernible first motions although it may have reduced the number of 
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FIG. 4. Response curves for system used in present study. 
small microearthquakes that were recorded. A higher resolution of events and well- 
defined S-P  intervals were obtained by using filter 4, peaked at 20 Hz which is the 
predominant frequency for very near microearthquakes. Gain is controlled by attenuating 
the maximum system sensitivity in 6-db steps. Stations operated on filter 4 were usually 
attenuated from 24 to 36 db, whereas the same stations could be operated on filter 1 
with approximately 12 db less attenuation. Recording at 1 mm/sec was done with both 
ink and smoked paper systems. Inking on tracing paper proved to be the most suitable 
method for ease in correlating events from various stations. Some representative r cords 
using both filters 1 and 4 are presented in Figure 5. 
Ranger type seismometers with a natural frequency of 1 Hz were used. The average 
generator constant for them was 100 V. sec/m. External resistors damped the system at 
0.7 critical. 
Timing for the recording units was provided by a temperature-compensated, crystal- 
controlled unit with an accuracy of +_0.3 ppm over the temperature range of 0°C to 
50°C. Timing was re-established at each station each day using the National Bureau 
of Standards WWV broadcast system. 
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The drum speed and the accurate timing allowed P arrivals to be picked to 0.1 sec. 
Using filter 4, S arrivals could often be picked with similar accuracy and were routinely 
used in the location of events. 
CRUSTAL MODEL 
Several major problems are associated with the accurate location of events within the 
San Bernardino Valley. A reversed seismic refraction profile (Figure 2 and Figure 6) 
was shot in the course of this study in order to determine the depth to basement and a 
velocity model for the shallow subsurface portion of the basin. The overburden was 
found to consist of three zones with average thicknesses of 40, 300, and 670 meters and 
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FIG. 5. Representative microearthquakes recorded with the seismic packs peaked at 20 Hz, events 
1 through 4, and, at 1 Hz, events 5 and 6. Note the well-defined P and S arrivals in events 1 and 2. 
The signal durat ion of events 3 and 4 was measured as 21 and 31 sec, respectively. Clear first motions can 
be seen in events 5 and 6. Recording was done at 60 mm/sec. 
with corresponding seismic velocities of 0.67, 2.0, and 2.9 km/sec (see Figure 6). The 
depth of penetration and recorded velocity suggests that at least the upper 1 km of the 
basement complex of the San Jacinto block within the Valley is characterized by a low 
velocity (5.3 km/sec). 
Quarry blasts monitored at Slover Mountain (see Figure 2) and recorded around 
the Valley indicate that the upper portions of the Perris block have a seismic velocity of 
approximately 5.8 km/sec. Several different layered velocity models were used in an 
attempt o average this velocity contrast; however, gross changes in the models seldom 
changed horizontal locations by more than 5 km. Because most of the recording sites were 
located on basement complex and most hypocenters appear to be deeper than 1 kin, a 
modified version of Gutenberg's (1955) velocity model (Figure 7) was chosen as giving 
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the minimum residual travel times for most recorded microearthquakes. The low- 
velocity upper layer reflects the sediments in the Valley. The seismic velocity of the next 
two layers has been reduced from Gutenberg's model to correspond to the contribution 
of the San Jacinto block. At a depth of 16 km, the difference between the two blocks 
probably becomes insignificant and the model corresponds to Gutenberg's model. 
The second problem concerns station delay times. Some stations were located on 
crystalline outcrops whereas others were on 500 to 800 meters of sedimentary and/or 
metamorphic rocks (see Table 1). Elevation contrasts between stations were as much as 
500 meters. Station delay times were adjusted to correspond roughly to the geological 
and topographic corrections, that is, negative delays for lower elevations and crystalline 
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Fic. 6. Reversed seismic refraction profile. The exact location of the profile is illustrated in Figure 2. 
outcrops and positive delays for higher elevations and thick sequences of sediments. 
Fine adjustments in the station delays were made on the basis of five quarry blasts at 
Slover Mountain (see Figure 2). The actual quarry blast locations and the computer 
locations are listed in Universal Transverse Mercator coordinates in Table 2. The average 
error for the blasts is 0.98 km in the horizontal plane and 0.27 km in depth. Two slightly 
different station arrays were used to record the five blasts. The majority of the located 
events within this study were recorded by the array typified by the February 1973 quarry 
blasts. The typical hypocentral uncertainties for located events are 1 km. Hypocentral 
location was determined by using a stepwise multiple regression computer program 
(Lee and Lahr, 1972). Detailed microearthquake and quarry blast reductions for this 
MICROEARTHQUAKE DISTRIBUTION AND MECHANISMS OF FAULTING 1485 
study are presented in Hadley (1973). Greater than 60 per cent of the located events have 
rms residual travel times less than 0.1 sec and 80 per cent have less than 0.2 sec. The 
quality of location for events outside the array undoubtedly is not as great as for those 
within, the error increasing with distance. 
MAGNITUDES 
Magnitudes for the majority of the recorded events were determined on the basis of 
instrumental response (Eaton et al., 1970). A computer program was written to calculate 
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FIG. 7. Velocity model used for hypocenter location in present study, modified from Gutenberg (1955). 
the actual ground motion within the frequency range of 0.5 to 4 Hz for each seismic pack. 
The expected response of the standard Wood-Anderson torsion seismometer was then 
calculated. Richter (1958) defined magnitude as 
M = log 1 o(A/A o) (1) 
where A is the maximum record displacement in millimeters of the standard torsion 
seismometer and A o is the displacement for a magnitude zero event at the same distance. 
A similar expression is
M = log 1 o G-  log i o A o + log 1 o A' (2) 
where G is the observed ground motion and A' is the amplification of the Wood-Anderson 
seismograph. Calculated magnitudes for an event recorded at different stations varied 
by as much as 0.4. Hence, most magnitudes represent a simple average between two or 
more stations. As pointed out by Richter (1958), the maximum amplitude recorded on a 
standard torsion seismometer may not correlate with the maximum amplitude registered 
on instruments with a different frequency response. An attempt was made to avoid this 
problem and to provide a convenient method for quickly determining magnitudes. 
Based on 55 microearthquakes, an empirical relationship was found between the calcu- 
lated magnitudes and the signal duration for events recorded at a peak response of 
20 Hz (Figure 8). 
Several empirical formulas have been derived by various authors. Using the Waka- 
yama microearthquake n twork in Japan, Tsumura (1967) correlated the total duration of 
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TABLE 1 
STATION DESCRIPTIONS 
Location Station Lat i tude  Longitude Dates Operated 
Average Attenuation 
(db) 
Filter 1 Filter 4 Rock Type 
W. Riverside WRVI 34 ° 0.76' 117°26.81 , 6/24/72 7/7/72 36* 
7/25/72-8/4/72 
Lytle Creek LYCC 34°13.94' 117°28.96 , 6/24/72-7/7/72 30* 
7/25/7278/4/72 
City Creek CCR3 34°11.20" 117°10.69 ' 6/24/72-7/7/72 30* 
7/25/72-8/4/72 
Mill Creek MLLI 34 ° 4.72' 117 c 2.62' 6/24/72-7/7/72 36* 
7/25/72-8/4/72 
Box Springs DREL 33°59.50 ' 117°18.95' 6/24/72-7/7/72 24* 
7/25/72-8/4/72 
Jurupa Mts. WR1V 34 ° 1.12' 117°24.90 " 1/13/73-1/26/73 12 
2/10/73-2/23/73 
4/5/73-4/13/73 
Lytle Creek LYCR 34o14.55 ' 117°28.43 ' 1/13/73-1/26/73 18 
2/10/73-2/23/73 
24 
24 
Bailey 
Canyon BACN 34°12.65 ' 117°20.82 ' 1/16/73-1/20/73 30 
Devil Canyon DEVL 34°12.03 ' 117°19.32" 1/20/73-1/26/73 12 30 
2/10/73-2/23/73 
4/5/73-4/13/73 
City Creek CCRI 34°11.34' 117"11.36' 1/13/73-1/26/73 12 30 
Mill Creek MILL 34 ° 6.20' 117 ° 1.60' 1/13/73-I/26/73 18 36 
Box Springs BOXS 33°59.65 ' 117°19.20 , 1/14/73-1/26/73 12 30 
2/10/73-2/23/73 
4/5/73-4/13/73 
City Creek CCR2 34°11.15' 117°10.88 , 2/14/73-2/23/73 18 
Jurupa Mts. JURU 34 ° 1.82' 117°29.90 ' 4/5/73 4/13/73 18 
Day Canyon DAYC 34°11.05 , 117°32.22 ' 4/5/73-4/13/73 12 
Lytle Creek LYC1 34°11.87 ' 117°25.85 ' 4/5/73-4/13/73 12 24 
Alluvium 
Metasediments 
Granitic 
Alluvium 
Granitic 
Granitic 
Metasediments 
Metasediments 
Metasediments 
Granitic 
Metasediments 
Granitic 
Granitic 
Granitic 
Metasediment s 
Granitic 
*Seismometers damped at 0.1 critical. 
TABLE 2 
FIVE SLOVER MOUNTAIN QUARRY BLASTS USED TO REFINE VELOCITY MODEL USED IN HYPOCENTER 
LOCATIONS* 
Actual Location~" HYPO71 Location Depth Horizontal 
Error Plane Error Charge Size 
Date UTM X UTM Y UTM X UTM Y (kin) (kin) Rms~ (kg) 
7/6/72 468.76 3768.85 467.67 3767.96 0.71 1.09 0.04 1100 
7/7/72 469.02 3768.71 467~88 3768.50 0.17 1.16 0.03 1800 
8/4/72 468.66 3768.95 468.18 3767.97 0.06 1.09 0.01 1450 
2/15/73 468.65 3768.99 469.41 3769.79 0.19 1.10 0.22 2600 
2/23/72 468.94 3768.82 468.49 3768.98 0.22 0.48 0.08 800 
*The amount of average rror is 0.98 km in the horizontal plane and 0.27 km in depth. 
?All quarry blasts were approximately 0 km in depth. 
:~Root mean square of the residual travel time in seconds. 
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oscillation, "F -P" ,  with magnitude 
M = -2 .53+2.85  log l0 (F -P )+0.0014A (3) 
where A is in kilometers. Working in the Puget Sound region and using instruments with a 
similar frequency response, Crosson (1972) found 
M = - 2.46 + 2.82 log1 o (F -P ) .  (4) 
In a thorough study by Lee et al. (1972), 351 earthquakes from central California 
were used in determining 
M = - 0.87 + 2.0 log t o(t) + 0.0035A (5) 
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FIG. 8. Signal duratiort-magnitude r lationship. Magnitudes represent he average of calculated 
magnitudes, based on system response of two or more stations peaked at 1 Hz. Duration of all events, 
recorded with a maximum gain of 20 Hz, was measured from the onset of the P arrival until the trace 
amplitude fell below 1 mm, or approximately a signal-to-noise ratio of 4:1. All duration measurements 
were made on records recorded at the West Riverside Station. 
where t is the signal duration in seconds. In a more recent study along the Elsinore fault 
zone in southern California, Langenkamp (1973) and Langenkamp and Combs (1974) 
derived another elationship, that is, 
M = - 1.9+2.0 logl0(t ). (6) 
In order to compare the above correlations derived by these investigators a signal 
duration of 10 sec and an epicentral distance of 10 km were assumed. These assumptions 
for equations (3), (4), (5), and (6) lead to magnitudes of 0.33, 0.36, 1.16, and 0.1, re- 
spectively. Variables such as local geology, source and amplitude of background noise, 
frequency response of the systems, and methods of picking records probably accounts 
for this wide variation. 
SE1SMICITY 
The epicentral positions of all microearthquakes located in this study are illustrated 
in Figure 9. The Fontana cluster of  events is one of the most striking results of this study. 
As demonstrated by the plots of each recording session, Figures 10, 1 l, 12, and 13, this 
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pattern of faulting is neither a microearthquake swarm phenomenon, or is it artificially 
produced by sampling uniform microactivity with a small array. Significantly, a five- 
station array centered 15 km north of Fontana and operated for 4 months by Brune and 
Allen (1966) recorded five out of 23 events within this same small area. The trend of 
events from each recording period is quite similar except hat microearthquakes from the 
summer of 1972 tend to lie about 5 km south of those recorded in later periods. The later 
events tend to cluster tightly around the Fontana Water Barrier which is postulated to be 
the hydrological result of long-term seismic activity within this area. A second fault, 
paralleling the Fontana Water Barrier but displaced 5 km south (see Figure 2) is postu- 
lated on the basis of events recorded uring the summer of 1972. Although a few events 
are almost 15 km deep, the depth of most events within the area, whether ecorded by 
Brune and Allen (1967), the California Institute of Technology Seismological Network 
(1962-1970), or during this study, tend to center around 5 kin. Six events from the 
January and April recording periods were associated with the Cucamonga fault system 
which is 4 km north of the Fontana Water Barrier. 
As shown in Figure 9, relatively few events were located within the San Jacinto fault 
zone. During the January session, two events were located between the San Jacinto 
and Glen Helen faults and three more about 2 km northeast of the Loma Linda fault. 
Four of the events are approximately 5 km deep. Because these earthquakes are well 
within the array and not too distant from the calibration blasts, the 1-km accuracy in 
epicentral location suggests a fault trending slightly more westerly than the San Jacinto 
and passing through the mouth of the San Timoteo Canyon (see Figure 2). Willingham 
(personal communication, 1973) has found that the gravity data in this area are com- 
patible with the foregoing interpretation and suggests that this fault is related to the 
Banning fault. 
Another result is the observation that there are relatively few microearthquakes associ- 
ated with the San Andreas fault. Because of the size of the array and ground noise found 
at most sites, a magnitude 1.2 event was felt to be the lower limit for reliable locations. 
Brune and Allen's (1967) Devil Canyon station, situated upon the San Andreas fault, 
reported only six microearthquakes per day, M > 0 within a radius of 24 km. In view of 
the present study, most of those events were probably located in Fontana. Hence, if 
strain is being relieved along the San Andreas fault system within the area in the form of 
microearthquakes, the magnitude of release must be quite small. This is consistent with 
Smith and Van de Lindt's (1969) conclusion that stress should be accumulating just 
north of the San Bernardino Valley and with Wyss and Brune's (1971) study that indi- 
cated intermediate apparent stresses along the San Jacinto and San Andreas fault within 
the area. 
FIRST MOTIONS 
First-motion lower-hemisphere stereonet plots of 22 events from the Fontana area 
were superimposed in Figure 14A. A simple smoothing and contouring technique 
described by Oike (1971), similar to that used with petrofabrics (Hills, 1963), was em- 
ployed to produce Figure 14B. The plot was smoothed by using a rectangular grid in 
Conjunction with a 6 per cent circular counter. Smoothed points within the counter, K, 
were determined from the relation 
K = (N,~- N~)/(Na + N~) 
where 
Na = Number of dilatations 
and 
N C = Number of compressions. 
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FIG. 14. (A) Composite first-motion stereonet plot of 22 events from the Fontana area. (B) Data in 
(A) smoothed with a 6 per cent counter and contoured at 0.2 intervals. (C) Plan view of strike of Fontana 
Water Barrier and horizontal projection of the principal axis of stress derived from (B). (D) Composite 
first-motion stereonet from eight events located along the San Jacinto fault zone. (E) Data in (D) smoothed 
with an 11 per cent circular counter and contoured at 0.25 intervals. (F) Plan view of the strike of San 
Jacinto fault and principal axis of stress derived from (E). 
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Thus positive contours represent areas that were initially dilated; negatively contoured 
areas denote compression. The maximum contours, both positive and negative, can 
then be identified with the principal axis of stress, both compressional nd tensional, 
respectively. The strike of the Fontana Water Barrier and the horizontal projection of the 
maximum and minimum stresses can be seen in Figure 14C, a plan view. This double 
couple implies a predominately left-lateral strike-slip motion along the Fontana Water 
Barrier. The tensional axis is approximately horizontal (Figure 14B). However, the vertical 
component of the compressional xis is rather poorly defined. Based on the northern 
and southern maxima (see Figure 14B) either relative uplift or downdrop of the northern 
side of the fault could be postulated. Stauder and Ryall (1967) have reported finding, 
in Nevada, families of earthquakes with identical wave forms, presumably from the same 
focal area. Some events within a family exhibit a reversed polarity, possibly related to a 
reversal of the focal mechanism. Although individual wave forms could not be compared, 
Figure 14B suggests ome events located within the Fontana rea of the Valley experienced 
similar reversals in the vertical component of motion. 
A similar set of smoothed contours were constructed based on eight events along the 
San Jacinto fault zone (see Figure 14, D and E). Because the data density was sparse, 
the area of the circular counter was increased to 11 per cent and contour intervals were 
increased to 0.25. Both compressional and tensional axes appear to be horizontal and 
the relative motion along the fault zone is probably purely right-lateral strike slip 
(Figure 14F). A comparison of Figure 14, B and E with Figure 14, C and F indicates a
possible rotation of the stress fields. The minor perturbation of the field in the northern 
plot of Figure 14B, Fontana area, could be related to the principal compressive axis in 
Figure 14E, San Jacinto fault zone. Similarly, the isolated negative contour in Figure 14B 
becomes dominant in Figure 14E. However, the uneven distribution and scatter of the 
plotted data leaves such detailed interpretation of the diagram open to question. Given 
enough events, the orientation of the stress trajectories could conceivably beconstructed 
for the entire Valley. If the trajectories could be constructed, points of high stress most 
prone to failure could then be identified. 
HISTOGRAM FROM WEST RIVERSIDE STATION 
The West Riverside station, WRIV, was established on a granodiorite outcrop in Jan- 
uary, 1973. This station proved to be exceptionally quiet and was routinely operated at 
a gain of 6 db above the other stations. Because this site is near Fontana and because 
well defined S arrivals greatly aid in the location of events, WRIV was peaked at 20 Hz. 
This is also the predominant frequency of small nearby earthquakes. 
All events recorded at West Riverside with S-P  intervals of less than 3 sec are plotted 
in Figure 15. An average of 13 events per day was recorded at this station. A curious, 
possibly coincidental periodicity is seen. Both the relative minimum and maximum inter- 
vals for the January session are separated by 7 days. The maximum periods in February 
are 8 days apart. 
For 4 days preceding the magnitude 5.9 Point Mugu earthquake of February 21, 
1973, minimal activity was recorded at the WRIV station. About 12 hr preceding the 
Point Mugu earthquake, the seismicity of the area increased sharply. After the main event, 
the seismic activity returned to normal. Inasmuch as the major Perris and San Gabriel 
crustal blocks are juxtaposed within the Fontana area, it seems that changes in the stress 
patterns in southern California are reflected in the seismicity of this sensitive area. 
1496 DAVID HADLEY AND JIM COMBS 
SYNTHESIS 
Extending over 100 km to the southeast, the Perris block (Dudley, 1936) exhibits great 
structural integrity. Although bound on the east and west by the San Jacinto and Elsinore 
faults, respectively, no major faults fracture the northern regions of this block, To the 
north, the San Gabriel block forms the central portion of the Transverse Ranges (Allen 
et al., 1965) which is the only east-west rending mountain range on the Pacific. The 
juxtaposition of these two major blocks within the Fontana area is characterized by 
high microseismic activity. The histogram of events recorded at the West Riverside 
station shows an average of 13 mi~roearthquakes per day. However, 4 days preceding 
the magnitude 5.9 Point Mugu earthquake of February 21, 1973, seismic activity dropped 
to a minimum. Approximately 12 hr before the main event, microearthquake activity 
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FIG. 15. Histogram of microseismic activity recorded at the West Riverside station (WRIV), (S- P =< 
3 sec). A lower limit to the expected activity was established from the nearby Box Springs station, 
BOXS, for the 2 days with pen failures. Each bar represents he recorded seismic activity for a 24-hour 
recording period commencing at approximately 1700 hours Greenwich Mean Time. The Point Mugu 
earthquake occurred before dawn on February 21, 1973, and hence the premonitory microseismic 
activity and the main event were recorded on the February 20 recor& 
rapidly increased to the maximum rate of 30 events per day. This pattern suggests that 
the boundary between the Perris and San Gabriel blocks is sensitive to rapid changes in 
regional stresses in southern California. 
The majority of the located hypocenters in the Fontana area are distributed along two 
parallel northeast-trending fault zones. The hydrological result of faulting and attendant 
seismicity within one zone is the Fontana Water Barrier. A second fault zone to the 
south is postulated to account for the clustered activity. 
The composite first motion plot of 22 events from this area suggests left-lateral strike- 
slip motion. Because the strike of the Fontana Water Barrier is almost perpendicular 
to the San Andreas fault, if the recorded left lateral events represent actual northeastern 
motion of the Perris block, then major lateral stresses must exist across the San Andreas 
and the San Jacinto fault zones. This would reduce the stress deviation and tend to lock 
the fault in this area. The noted absence of microseismic activity along the San Andreas 
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fault within the San Bernardino Valley is consistent with this hypothesis. Using various 
techniques, other investigators have reported similar findings. Based on events located by 
the California Institute of Technology stations between 1934 and 1963, Allen et al. 
(1965) reported an equivalent strain release within the Valley of two magnitude 3events 
per 100 km2/year, not an extremely high rate of strain release for southern California. 
A source-properties study conducted by Wyss and Brune (1971) using the ratio of short- 
to long-period amplitudes indicated intermediate apparent stress on both the San 
Andreas and San Jacinto faults within the San Bernardino Valley. Smith and Van de 
Lindt (1969) have also concluded that large stresses should be accumulating slightly 
north of the Valley. 
Events paralleling the San Jacinto fault strike through San Timoteo Canyon. Based 
on Willingham's (1968) unpublished gravity data and the seismic data obtained in the 
present study, a second fault is postulated for this area. First-motion studies of the few 
events recorded in this area indicate a purely right-lateral strike-slip motion. 
CONCLUSIONS 
1. A signal duration, D, versus magnitude, M, relationship was found for the West 
Riverside station (1.5 < M < 3.3): M = 0.057D+ 1.43. 
2. The Fontana area of the San Bernardino Valley is typified by continuous micro- 
seismic (1 < M < 3) activity. The majority of the located events are associated with the 
Fontana Water Barrier. 
3. A northeast-trending fault 5 km south of the Fontana Water Barrier is postulated. 
4. The sense of motion within the Fontana area is primarily left-lateral strike-slip 
with a possible dip-slip component. 
5. Seismic activity within the Fontana-West Riverside area seems to reflect rapid 
changes in the regional stress patterns in southern California as evidenced from the data 
related to the magnitude 5.9 Point Magu earthquake of February 21, 1973. 
6. Microseismic activity suggests a northwest-trending fault striking through San 
Timoteo Canyon. 
7. A composite first-motion plot of eight events from the San Jacinto fault zone indi- 
cates a purely right-lateral strike-slip motion. 
8. Only minimal strain release was observed along the San Andreas fault. 
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